Background-Little is known about the nationwide trend in the survival of out-of-hospital cardiac arrest (OHCA) in Japan and the differences in incidence and survival by age group and origin of arrest.
OHCA survival after dissemination of public-access defibrillation and CPR and changes of CPR guidelines was reported on the basis of data in relatively small geographic areas, and little is known about the nationwide improvement in survival from OHCA. In addition, most studies evaluated overall incidence and survival among adult OHCA patients with a cardiac origin, and the differences by age group and origin of cardiac arrest are poorly understood.
In Japan, the Fire and Disaster Management Agency 4 launched a prospective, nationwide, population-based cohort study of OHCA patients since January 2005 and collected Ϸ540 000 overall OHCAs and 170 000 bystander-witnessed OHCAs from January 1, 2005, to December 31, 2009 . The purpose of this study was to assess the nationwide trend in the incidence and outcome of these OHCA patients in Japan by using the national Utstein-style registry. Furthermore, we assessed the trends in OHCA after dividing bystanderwitnessed OHCA patients by age group and origin of OHCA.
Methods

Study Design and Setting
The All-Japan Utstein Registry of the Fire and Disaster Management Agency is a prospective, nationwide, population-based registry system of OHCA based on the Utstein style. 11, 12 This observational study registered all patients with OHCA of cardiac and noncardiac origins in whom resuscitation was attempted and who were then transported to medical institutions from January 1, 2005, through December 31, 2009 . The study protocol for analyses was approved by the Ethics Committee of the National Cerebral and Cardiovascular Center.
Cardiac arrest was defined as the cessation of cardiac mechanical activity as confirmed by the absence of signs of circulation. 11, 12 The arrest was presumed to be of cardiac origin unless it was caused by cerebrovascular diseases; respiratory diseases; malignant tumors; external causes including trauma, hanging, drowning, drug overdose, and asphyxia; or any other noncardiac causes. These diagnoses of cardiac or noncardiac origin were clinically determined by the physicians in charge in collaboration with the emergency medical services (EMS) personnel.
EMS Systems in Japan
Japan has an area of Ϸ378 000 km 2 , including both urban and rural communities, and its population was 127 million inhabitants in 2009. There were 803 fire stations with dispatch centers in 2009, and their EMS systems are almost uniform. 4 The free emergency telephone number 119 is used to call for an ambulance from anywhere in Japan. Emergency services are provided 24 hours every day. An ambulance is dispatched from the nearest fire station when called. Each ambulance has 3 emergency providers including at least 1 emergency life-saving technician, a highly trained prehospital emergency care provider. Emergency life-saving technicians were allowed to insert an intravenous line and an adjunct airway and to use semiautomated external defibrillators for OHCA patients. Specially trained emergency life-saving technicians have been permitted to insert tracheal tubes and to administer intravenous epinephrine since July 2006. Citizen use of an automated external defibrillator (AED) has been legally permitted since July 2004 in Japan. EMS providers were not permitted to terminate resuscitation in the field. Therefore, most patients with OHCA who were treated by EMS personnel were transported to a hospital and registered in this All-Japan Utstein Registry, excluding those with decapitation, incineration, decomposition, rigor mortis, or dependent cyanosis.
All EMS providers had been performing and teaching CPR according to the Japanese CPR guidelines based on the 2000 American Heart Association guidelines until September 2006 and the 2005 guidelines thereafter. [13] [14] [15] [16] In Japan, Ϸ1.6 million citizens per year participated in the conventional CPR training programs, consisting of chest compressions, mouth-to-mouth ventilation, and AED use, offered mainly by local fire departments. 4 Chest compressiononly CPR had not been taught as the recommended technique in any resuscitation training program during the study period, but it was first recommended as acceptable for those who were not able to or did not wish to perform rescue breathing in the 2005 CPR guidelines. 13 The emergency telephone dispatchers in Japan are basically trained and ordered to give CPR instructions with conventional CPR before EMS arrival. However, it is permitted to encourage bystanders to provide chest compression-only CPR if it is difficult for them to administer rescue breathing. 14 Details of the EMS system in Japan were described previously. 5
Data Collection and Quality Control
Data were prospectively collected with the use of a form based on the Utstein-style reporting guidelines for OHCA, including age, sex, origin of cardiac arrest, type of bystander witness status, first documented rhythm, time course of resuscitation, type of bystanderinitiated CPR, public-access AEDs, type of advanced airway management, intravenous fluids, epinephrine, and year, as well as prehospital return of spontaneous circulation, 1-month survival, and neurological status 1 month after the event. A series of EMS times of call receipt, vehicle arrival at the scene, contact with patients, initiation of CPR, defibrillation by EMS, and hospital arrival were recorded with the clock of each EMS system. When bystanders delivered shocks using public-access AEDs, the patient's first recorded rhythm was regarded as ventricular fibrillation (VF). Both bystander-initiated chest compression-only and conventional CPR with compressions and rescue breathing were considered bystander CPR. The times of collapse, initiation of public-access AED shocks, and initiation and type of bystander CPR were obtained by EMS interview with the bystander before EMS personnel left the scene.
All survivors were evaluated 1 month after the event by the EMS personnel in charge. Neurological outcome was determined by a follow-up interview 1 month after successful resuscitation with the use of the cerebral performance category scale, as follows: category 1, good cerebral performance; category 2, moderate cerebral disability; category 3, severe cerebral disability; category 4, coma or vegetative state; and category 5, death. 11, 12 The primary outcome measure was 1-month survival with favorable neurological outcome, defined as cerebral performance category 1 or 2. 11, 12 The data form was completed by the EMS personnel in cooperation with the physicians in charge of the patients, and the data were integrated into the registry system on the Fire and Disaster Management Agency database server, then logically checked by the computer system. If the data form was incomplete, the Fire and Disaster Management Agency returned it to the respective fire station for data completion.
Statistical Analysis
First, we assessed the trends in the incidence and outcome of overall OHCA in Japan. Next, analyses were conducted for all bystanderwitnessed OHCA patients with cardiac and noncardiac origins in whom resuscitation was attempted. We assessed the trend in the proportion of favorable neurological outcome in overall bystanderwitnessed OHCA and also according to age group and origin of cardiac arrest. On the basis of the preceding studies, [17] [18] [19] age was divided into the following groups: Ͻ1 year and 1 to 4, 5 to 12, 13 to 17, 18 to 35, 36 to 64, 65 to 79, 80 to 90, and Ն90 years. The annual incidences per 100 000 persons were calculated with the use of estimated Japanese population data in each year, 20 and their trends were calculated with Poisson regression models. Trends in categorical values and numeric values were tested with logistic regression models and linear tests for trend, respectively. Multivariable analysis for bystander-witnessed OHCA was used to assess factors associated with 1-month survival with favorable neurological outcome with the use of logistic regression models; odds ratios (ORs) and their 95% confidence intervals (CIs) were calculated. Potential confounding factors based on biological plausibility and previous studies were included in the multivariable analysis. These variables included age (Ͻ1 year and 1-4, 5-12, 13-17, 18 -35, 36 -64, 65-79, 80 -90, or Ն90 years); sex (male, female); cause of cardiac arrest (cardiac, noncardiac); type of bystander witness status (family members, others); first documented rhythm (VF, non-VF); public-access AED use (yes, no); type of bystander-initiated CPR (compression-only, conventional, or none); intravenous fluids and epinephrine administration (yes, no); advanced airway management (yes, no); EMS response time (from call to contact with patients by EMS); and year of arrest (in 1-year increments). All statistical analyses were performed with the use of SPSS statistical package version 16.0J (SPSS, Inc, Chicago, IL). All tests were 2-tailed, and P values of Ͻ0.05 were considered statistically significant.
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
During these 5 years, a total of 547 153 OHCA patients were confirmed, excluding 65 without information on age ( Figure  1 ). Of 539 758 OHCA patients with resuscitation attempts, 174 068 were witnessed by bystanders, 43 098 were witnessed by EMS, 320 257 were not witnessed, and 2335 had unknown witness status. With the exclusion of patients without information on first documented rhythm (nϭ4326) and bystander CPR (nϭ382), 169 360 patients were eligible for our analyses. The proportion of prehospital return of spontaneous circulation among these patients was 10.0%, 1-month survival was 7.6%, and 1-month survival with favorable neurological outcome was 3.3%.
Patient and EMS characteristics of 169 360 patients with bystander-witnessed OHCAs in Japan are noted in Table 1 . The proportion of OHCAs that were of cardiac origin was 56.1%. Male patients accounted for 61.4%. Mean age was 72.3 years, and the proportion of OHCA patients aged Ͻ1 year and 1 to 4, 5 to 12, 13 to 17, 18 to 35, 36 to 64, 65 to 79, 80 to 89, and Ն90 years was 0.4%, 0.3%, 0.3%, 0.4%, 3.4%, 21.2%, 33.8%, 28.1%, and 12.2%, respectively. OHCA patients were more likely to be witnessed by a family member (64.4%), followed by friend, colleague, passerby, and other. VF as first documented rhythm was 15.4%. The proportions of OHCA patients who were delivered shocks by publicaccess AEDs and received bystander-initiated CPR were 1.0% and 42.8% (25.8% chest compression-only CPR and 17.0% conventional CPR), respectively. Mean EMS response time and hospital arrival time were 8.6 and 31.9 minutes, respectively.
The annual incidence rates per 100 000 persons were calculated over time, and the overall incidence rate of 547 153 confirmed OHCAs increased from 80.7 in 2005 to 90.4 in 2009 (PϽ0.001). The incidence rate of overall bystander-witnessed OHCAs significantly increased from 24.0 in 2005 to 28.5 in 2009 (from 13.6 to 16.0 for those of cardiac origin and from 10.4 to 12.5 for those of noncardiac origin) ( Table 2 ). The incidence rate did not decrease regardless of age and origin except for OHCA of noncardiac origin among younger children. The incidence rate increased to a great extent among elderly OHCA patients with both cardiac origin aged 80 to 89 years (from 85. Table 3 shows temporal trends in patient and EMS characteristics of bystander-witnessed OHCAs during the study period. VF as the first documented rhythm significantly increased from 14.6% to 16.2%. The proportion of those who were shocked with public-access AEDs (from 0.2% in 2005 to 1.8% in 2009), received bystander-initiated CPR (from 36.6% to 48.4%), received epinephrine administration (from 0.0% to 15.5%), or received endotracheal intubation (from 3.4% to 9.5%) also increased significantly during the study period. Mean (Figure 2A ). With regard to bystanderwitnessed VF arrests, the proportion increased significantly from 9.8% (437/4461) in 2005 to 20.6% (1215/5906) in 2009 (adjusted OR for 1-year increment, 1.28; 95% CI, 1.25-1.31) ( Figure 2B ). In non-VF arrests, the proportion increased significantly from 0.8% (201/26 095) in 2005 to 1.1% (343/ 30 455) in 2009 (adjusted OR for 1-year increment, 1.13; 95% CI, 1.08 -1.17).
In the multivariate analysis (Table 4 ), compared with older adults aged 36 to 64 years, adolescents aged 13 to 17 years had a significantly better neurological outcome (adjusted OR, 2.03; 95% CI, 1.54 -2.66). The elderly groups aged Ն65 years had a significantly worse outcome than the older adult group. VF as first documented rhythm (adjusted OR, 10.06; 95% CI, 9.35-10.82), public-access AED use (adjusted OR, 2.07; 95% CI, 1.82-2.35), either bystander-initiated chest compression-only CPR (adjusted OR, 1.42; 95% CI, 1.33-1.52) or conventional CPR (adjusted OR, 1.55; 95% CI, 1.43-1.68), and earlier EMS response time (adjusted OR for 1-minute increase, 0.91; 95% CI, 0.91-0.92) were associated with a better neurological outcome. Epinephrine administration (adjusted OR, 0.48; 95% CI, 0.41-0.56) and advanced airway management (adjusted OR, 0.44; 95% CI, 0.41-0.47) were associated with a worse outcome.
The temporal trends in favorable neurological outcome of bystander-witnessed OHCAs by age group and origin of arrest are shown in Table 5 . Among OHCA patients with cardiac origin, 1-month survival with favorable neurological outcome significantly increased among adults aged 18 to 35 years (adjusted OR for 1-year increment, 1.37; 95% CI, 1.23-1.52), 36 to 64 years (adjusted OR, 1.19; 95% CI, 1.15-1.24), 65 to 79 years (adjusted OR, 1.26; 95% CI, 1.21-1.31), and 80 to 89 years (adjusted OR, 1.15; 95% CI, 1.06 -1.25) and tended to increase among children aged Ͻ1 year and 1 to 4, 5 to 12, and 13 to 17 years, whereas it did not change among the elderly aged Ն90 years. Among those with noncardiac origin, the trend was almost the same as for those with cardiac origin.
Discussion
From this large, prospective nationwide registry of OHCA, we demonstrated that 1-month survival with favorable neurological outcome from OHCA significantly increased during the study period in Japan. In addition, we demonstrated that the temporal changes in incidences and outcomes were different by age group and origin of OHCA. Although the preceding studies showed incidences and outcomes of OHCA, little attention was paid to the differences in patient age and OHCA origin. Our nationwide registry of OHCA covering 127 million enabled us to assess the differences among these patients and provided helpful information to establish age-and origin-specific approaches.
This study successfully demonstrated improved outcomes among OHCA patients in Japan. Although some previous community-based studies 6, 7 showed improvements in outcomes after OHCA, they covered small areas. Few studies have investigated a nationwide improvement in survival from OHCA. Japan has a uniform prehospital EMS protocol and has improved the EMS system, with its population-based OHCA registry covering the whole country. 4 -6 In the Swedish national registry of OHCA, 1-month survival from bystander-witnessed OHCA increased from 5.8% to 8.2% Various factors are associated with improving outcomes after bystander-witnessed OHCA. The multivariate analysis of this study, which clearly demonstrates the effectiveness of bystander CPR regardless of CPR type and public-access AEDs, suggests that the increment of CPR and public-access AED use by bystanders would be the most important factors that resulted in this remarkable improvement. Japan had a 2-fold increase of bystander-initiated CPR during the last 10 years, 4,6,21 and public-access AEDs have been widely developed. 5, 22 The recent increase of bystander CPR is due in part to the change in CPR guidelines that accept chest compression-only CPR. 9, 10, 21 This study demonstrating both nationwide improvement in survival after OHCA and the effectiveness of either chest compression-only CPR or conventional CPR also reinforces the importance of systematic and strategic dissemination of CPR by the use of chest compressiononly CPR to increase survival after OHCA.
The proportion of advanced life support (ALS) measures by EMS personnel, such as epinephrine administration and endotracheal intubation, also increased during the study period. However, unlike basic life support provided by lay rescuers, ALS measures were not associated with better outcome. Indeed, they seemed to be associated with a worse outcome, as some previous observational studies have suggested. 23, 24 However, importantly, we consider that there should be an inversion phenomenon of cause and effect, and it would be difficult to assess the effect of ALS measures in this observational study because EMS personnel in Japan could provide ALS measures only for OHCA patients who did not respond to basic life support. Recently, some studies suggested that earlier epinephrine administration and earlier endotracheal intubation contributed to improving outcomes after OHCA. 25, 26 Further elaborate studies that consider the timing of the procedure or the patient's rhythm are needed to confirm the effect of ALS measures.
Our study underscored the nationwide improvement in survival from OHCA over the short term in Japan, but it was still low. To further improve survival from OHCA, the dissemination of CPR training (especially chest compression-only CPR training), including public-access AED use for the general public, should be particularly encouraged, as the new 2010 International Liaison Committee on Resuscitation consensus and the new national CPR guidelines emphasized, 1,2,27 because the proportions of bystander CPR and public-access AED use were only 50% and 1%, respectively. The Japan Circulation Society also started to recommend chest compression-only CPR training for lay rescuers to increase CPR and AED use since 2010. 28 During the study period, the incidence of either overall OHCA or bystander-witnessed OHCA increased gradually, but the change was different by age group. Although the incidence of pediatric and adult OHCAs remained almost stable, the incidence of OHCA in very elderly subjects increased to a great extent. Although the reasons for the increment in OHCA incidence were unclear, the rapid aging of society might be one of the possible explanations for this phenomenon. In fact, the proportion of elderly population in Japan increased from 20.2% in 2005 to 22.7% in 2009 (an increment of Ϸ3 million elderly). 20 In addition, the increase of witnessed arrests of the elderly might be due to the change in social conditions, such as more elderly subjects starting to live in care facilities where they are more likely to be witnessed.
Although some reports demonstrated a reduction in the incidence of cardiovascular events, including sudden cardiac death, in prehospital settings in areas where primary and secondary preventions worked effectively, 29 -31 the trends in OHCA incidence varied by community. [32] [33] [34] In this study, OHCA incidence did not decrease regardless of age and origin except for OHCA of noncardiac origin in younger children. Further efforts to prevent sudden cardiac arrest are needed, as the new CPR guidelines recommended, 1,2,27 and the preventive approach and evaluation should be conducted on the basis of age and origin.
Furthermore, the poor outcome without improvement among very elderly patients was an important issue. The increasing number of the elderly population is becoming an important social and medical problem in industrialized countries. 35 The implementation of the termination of resuscitation rule and advance directives has been discussed only to a limited degree in Japan. To make effective use of limited medical resources and allow the elderly to die a peaceful death, identifying unrecoverable patients and performing termination of resuscitation 36, 37 at the scene, as well as using advance directives, should be considered. Further study is warranted for detailed proposals on these issues.
The present study also showed that the proportion of those with favorable neurological outcome from OHCA in adolescents was high, whereas that in younger children was poor. The causes of pediatric OHCAs differed markedly by age group. 19, 38 This suggests the necessity of age-specific measures to improve survival from pediatric OHCA, as reported previously. 19 In addition to age-specific approaches, more efforts should focus on prevention of pediatric OHCAs because many of them are preventable. 1,2, 27 Furthermore, this study demonstrated that although favorable neurological outcome among adult patients with OHCA of noncardiac origin increased year by year, the absolute survival was low. Because Ϸ40% of adult OHCAs are of noncardiac origin, further efforts, including ALS techniques, origin-specific treatments, and preventive approaches, as the new Japanese CPR guidelines recommended, 27 are needed to decrease mortality in those with OHCAs of noncardiac origin.
To improve survival after OHCA, further efforts are warranted not only to strengthen prehospital EMS procedures but also to establish in-hospital therapies and age-and origin-specific approaches. For these purposes, collection and assessment of these comprehensive prehospital and inhospital data would contribute to improving the OHCA outcome.
Limitations
This study has some inherent limitations, however. First, our data do not address the potential variability in postarrest care (hemodynamic support, induced hypothermia, and coronary interventional therapies), although the development of these treatments can be other possible explanations for the improving outcome. Second, there might be unmeasured confounding factors that might have influenced outcomes. Third, this study had only a short-term 5-year observation period. Therefore, long-term observation is also needed to assess the changes in survival from OHCA in Japan. Finally, as with all epidemiological studies, data integrity, validity, and ascertainment bias are potential limitations. The use of uniform data collection based on Utstein-style guidelines for reporting cardiac arrest, large sample size, and a population-based design to cover all known OHCAs in Japan were intended to minimize these potential sources of bias.
Conclusions
From this national registry of OHCA, we demonstrated nationwide improvement of 1-month survival with favorable Table 5 
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neurological outcome from OHCA in Japan and the impact of difference by age and origin. An age-and origin-based approach and evaluation to reduce the mortality of sudden cardiac arrest are needed.
